SUMMARY Sudden tilting of a platform around the axis of the human ankle joint causes a regular pattern of short and medium latency EMG responses in the stretched triceps surae muscle and a long latency response in its antagonist, the anterior tibial muscle. This paper reports alterations of these EMG responses in 41 patients with cerebellar lesions. Patients with anterior lobe atrophy exhibited normal latencies of all EMG responses, but an increase in duration and amplitude of the long latency response. This may at least partially explain the 3 Hz postural tremor, which can be evoked in these patients through a toe-up tilt of the platform. Patients with lesions restricted to the vestibulocerebellum and to the cerebellar hemispheres exhibited normal latencies of all EMG responses. The most specific finding in all of the patients suffering from Friedreich's ataxia (affecting spinal afferents) was the massive delay of the stabilising response of the anterior tibial muscle. The fact that the patients with lesions restricted to the cerebellum invariably exhibited normal latencies of postural "reflexes" indicates that the exact "timing" of these responses is independent of the cerebellum. The duration and amplitude of the long latency response of the antagonist, however, seems to be controlled by the cerebellum. 
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Sudden tilts of the support on which a subject stands causes a regular pattern of EMG responses in the stretched leg muscles and their antagonists.' 3 The early EMG response in the stretched triceps surae muscle with a latency of about 50 ms (short latency) corresponds to a segmental stretch reflex. 4 ' (b) Six patients had an isolated lesion of the lower cerebellar vermis, the vestibulo-cerebellum. Two of them had a tumour (medulloblastoma, astrocytoma), two had bleeding from an angioblastoma. One patient had aplasia of the vermis. In all of them the vermal lesion was verified by CT and surgery. The anterior lobe and the hemispheres of the cerebellum were little or not at all affected. The remaining patient suffered from Hallgreen syndrome (retinitis pigmentosa, deafness, vestibulo-cerebellar ataxia). Neurological examination predominantly showed ataxia of sitting, gait, and stance, gaze nystagmus, and a disturbance of suppression of the vestibulo-ocular reflex by fixation and of pursuit.
(c) Eleven patients suffered from a late cortical atrophy of the anterior lobe, a disease which can be observed in chronic alcoholics with a nutritional deficiency. These patients mainly showed a more or less pronounced ataxia of gait more than stance, with a high frequency tremor while standing and ataxia in the legs, but invariably less in the arms. Polyneuropathy was either absent or moderate. Computed tomography of the 10 men and one woman showed generalised atrophy of the brain to a varying degree with predominance in the vermal and anterior lobe region of the cerebellum.
(d) Seven patients suffered from diseases, which were mainly localised in the cerebellar hemispheres. Three of Diener, Dichgans, Bacher, Guschlbauer them had bilateral ischaemic lesions. In the remaining four who exhibited ataxia and dysmetria predominantly of the arms and less of the legs, the cause of the cerebellar disease was unknown.
(e) Nine patients had a cerebellar disease, which according to clinical testing and CT affected all parts of the cerebellum. Three of them suffered from chronic intoxication (two bromide, one diphenylhydantoin), five suffered from a heredoataxia (Gerstman-Straussler (1), familial spastic ataxia (2), olivo-cerebellar degeneration of Holmes (2)); in one patient the cause of the cerebellar affection could not be classified.
The results of posturography on the stable platform from these patients are reported elsewhere.25
For comparison we also investigated a population of 20 healthy subjects matched in age. The comparison of the results of the different patient groups was done by analysis of variance. In a further experiment we performed platform tilts toe-up and toe-down as well, both with open and closed eyes, in 12 patients with atrophy of the anterior lobe and 12 normal subjects. This was done in order to see whether the specific alterations of the EMG response pattern observed after platform tilt toe-up were also present after stretch of the anterior tibial muscle. We also wondered how eye closure, which provokes tremor, alters these EMG responses.
Results
Mean latencies, standard deviations, and frequencies of occurrence of the three EMG responses of the leg muscles are displayed in table 1. Figure 1 shows examples of averaged rectified EMG responses from representative patients. An analysis of variance showed no significant differences for the latency of the short latency response in the stretched triceps surae muscle. As was expected from the clinical examination the stretch reflex was missing in half of the patients with Friedreich's ataxia. In the remaining four patients the short latency response could be recorded although the tendon reflex could not be obtained by clinical testing. With the parameters of the displacement used for testing, the medium latency response in the triceps surae muscle could be evoked in nearly all normal subjects (Fig  la) 0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800 ms ms The latency of the stretch reflex in the triceps surae muscle was unchanged in most of our patients. This conforms with the classical assumption of a segmental wiring of this short latency response. The only exception are patients with Friedreich's ataxia in whom peripheral neuropathy and demyelination of the most proximal segment of the afferent fibres is known to occur. Late cortical cerebellar atrophy frequently occurs without a major peripheral neuropathy (60% in our material).
The medium latency response in the stretched triceps surae muscle corresponds to the functional stretch reflex,'2 '3 the postmyotatic reaction,26 and to the M2 response in arm muscles." 27 In contrast to the results in arm muscles, where cerebellar lesions resulted in a loss or diminuation of the initial component of M2 with a delay of M3,28 the medium latency response in leg muscles remains unchanged in latency as long as the dorsal columns and spinocerebellar tracts are not involved (fig lc, e, f) .
The considerable delay of the medium latency response in three patients with Friedreich's ataxia cannot be explained by a peripheral delay since all of the three had a normal latency of the stretch reflex and a maximal motor nerve conduction velocity at the lower end of normality. The considerable delay favours a suprasegmental pathway of the "reflex arc" with its afferent inputs mediated by the posterior columns and/or the spinocerebellar pathways. For the ones in whom the medium latency response was missing it cannot be decided where the block was localised.
We have never observed an adaptation of the medium latency response in more than 300 normals and patients recorded so far. This does not disprove the finding of Nashner and Grimm,29 who observed a loss of adaptation of the functional stretch reflex in cerebellar patients when they changed the platform movement from a horizontal backward motion to an upward rotation, both stretching triceps surae muscle. We were unable to change in a similar way the experimental paradigm.
In contrast to the medium latency response, the antagonistic long latency response in the anterior tibial muscle could be evoked in all normals and patients. The latency of this response was unchanged in all patients suffering from an isolated lesion of the cerebellum. Apparently the cerebellum is not involved in the exact timing of this postural response. Patients with Friedreich's ataxia mainly suffering from a degeneration of afferent spinocerebellar pathways had a massive increase in latency of the first EMG response in this muscle. The latency of the long latency response was also delayed in those patients with diffuse cerebellar lesions who additionally had clinical symptoms pointing towards an involvement of the posterior columns. Whether the long latency response is only delayed or missing and replaced by a voluntary muscle contraction cannot definitely be decided at present. The relatively small intraindividual variation (much larger with voluntary movement3), the lack of a training effect in repeated trials, and the correlation of the increase in latency with the severity of the disease favour the assumption of a delayed long latency response. Since none of the patients exhibiting a lesion confined to the cerebellum alone shows a delay of the long latency response, one may be tempted to conclude that the initiation of this response is independent of the cerebellum. Its duration and amplitude, however, as evidenced by the group with cortical anterior lobe atrophy seems to Patients suffering from atrophy of the anterior lobe of the cerebellum had normal latencies of short, medium and long latency responses. The earlier explanation for the generation of the 3 Hz body tremor given by Mauritz et al. 23 and Dichgans and Mauritz24 therefore requires modification. These authors stimulated both tibial nerves in the popliteal fossa. The discharge of the anterior tibial muscle with a latency of 120 ms after the stimulus was considered to be a stretch reflex of this muscle, elicited by the contraction of the triceps surae and the resulting backward sway of the body. Synchronisation of stretch reflexes, delayed and enhanced long loop responses were supposed to sustain the tremor. We were never able to evoke the stretch reflex in the anterior tibial muscle by means of a plantar flection of the foot by tilting the platform toe-down.3 The tib 1 response of Mauritz et a!23 obviously corresponds to our stabilising long latency response. We now explain the 3 Hz tremor by the increased duration and amplitude of the long latency response in the functionally stabilising antagonist. This increased activity leads to an overshoot of the correction, resulting in a forward sway of the body which in turn is compensated by activity of similar duration and amplitude in the triceps surae muscle and so on.
Some patients with lesions of the lower vermis or the cerebellar hemispheres also exhibited an increased duration of the long latency response. The long latency response was (in contrast to the patients with atrophy of the anterior lobe) tonically increased whereas in the alcoholics long latency was phasic.
The long latency response of the anterior tibial muscle is not equivalent to the "shortening reaction" after passive shortening of the muscle in sitting of supine subjects. 30 The shortening reaction can be evoked in 56% of normals in the anterior tibial muscle and in 6% in the triceps surae muscle,30 whereas the long latency response can be seen in 100% of normals and patients in both muscles when standing. The shortening reaction is known to be exaggerated in patients with Parkinson's disease while the long latency response was normal in our study of 36 patients with Parkinson's disease (unpublished).
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